Time-resolved fluorescence anisotropy (FA) measurements are reported for five helical bilayer-spanning henicosapeptides, each containing one tryptophan at sequence position 1, 6, 11, 16, or 21. The FA decay reflects two molecular processes in all cases: local internal fluctuations of the tryptophan side chain with a relaxation time of 200-500 ps, and motions of the whole polypeptide molecule with a relaxation time of 9-10 ns. The amplitudes of the fast fluctuation are largest at the helix ends and decrease toward the center of the helix. A similar observation was made for the helical polypeptides dissolved in organic solvents showing that the mobility gradient along the polypeptide sequence is an inherent property of the polypeptide helix and not due to the lipid bilayer.
However, the amplitudes of the fast fluctuations can be modulated by the physical state of the lipid bilayer. With decreasing temperature, the internal mobility of the tryptophan in all positions decreases with an abrupt change at the lipid-phase transition. Concomitant molecular dynamics calculations indicate a correlation between the fast FA decay and conformational fluctuations within the helix. According to the simulation, the conformation of the polypeptide is on average predominantly helical, but actually the molecule can fluctuate between a variety of different substructures. The conformational fluctuations are largest at the helix ends and provide the free space required for rotation of the indole ring around the tryptophan side chain bonds.
A number of experimental and theoretical studies on watersoluble proteins indicated the presence of protein structural fluctuations that may play an essential role for biological activity (1) (2) (3) . However, in the particular case of membrane proteins, little information exists concerning such structural fluctuations of a polypeptide in a lipid bilayer (4) (5) (6) . Here we report on structural fluctuations of membrane-incorporated synthetic polypeptides of the type 'H2(Ala-Aib-Ala-AibAla),-Trp-(Ala-Aib-Ala-Aib-Ala)4_xOMe (Aib, a-aminoisobutyric acid) with x = 0, 1, 2, 3, 4-i.e., 21-amino-acid-long (henicosa) polypeptides, containing a tryptophan at sequence position 1, 6, 11, 16, or 21 , , , , and ). A recent study (7) indicates that these polypeptides insert into lipid bilayers and traverse the membrane in an a-helical conformation. The tryptophan residue was found to be located near the membrane surface in and , around the center of the bilayer in , and at an intermediate depth of the lipid membrane in and (7). We have measured the time-resolved fluorescence anisotropy (FA) of the single tryptophan of each of the corresponding polypeptides in lipid vesicles. Such experiments yield direct information about polypeptide structural fluctuations that occur within the lifetime of the fluorophore (6, (8) (9) (10) .
These structural fluctuations are composed of internal motions of the tryptophan residue, that of the polypeptide backbone and the orientational fluctuations of the whole molecule in the lipid bilayer. The various kinds of motion are expected to occur on different time scales in a hierarchical order and, therefore, should be distinguished to a certain extent by timeresolved FA measurements. Using polypeptides with a tryptophan residue at different sequence positions, we can probe structural fluctuations along a polypeptide helix in a lipid bilayer. Time-resolved FA measurements were also performed with the same polypeptides dissolved in methanol. The henicosapeptides adopt a helical conformation in methanol as well (7) , and so these experiments will help to distinguish between structural fluctuations of a polypeptide helix in organic solution and in a lipid bilayer. Furthermore, we have measured the circular dichroism (CD) of the various henicosapeptides in lipid vesicles and in planar multibilayer membranes. These experiments yield information about the polypeptide secondary structure and the orientational fluctuations of the whole polypeptide helix in a lipid membrane (11) .
It is tempting for this simple system to compare the experimentally determined time dependence of the tryptophan FA with that obtained from a molecular dynamics (MD) calculation. The goal of such simulations is to yield a reasonable explanation of the experimentally observed FA in terms of molecular fluctuations at an atomic level. Here we present as well the results of a MD calculation for the 22-amino-acid-long peptide + H2Trp-(Ala-Aib-Ala-Aib-Ala)2-Trp-(Ala-Aib-Ala-Aib-Ala)20Me, , in methanol where the solvent was simulated by using Langevin dynamics taking into account an average frictional force (12) . The two tryptophan residues at positions 1 and 12 are expected to reflect the motions of the corresponding fluorophores in and and were introduced simultaneously in one molecule to save computing time. Although the solvent molecules were not explicitly considered, the MD calculations should reflect the molecular fluctuations of the helical peptide in a first step reasonably well. We expect that the simulation is also relevant for the fluctuations of the polypeptide in a membrane, because the helix is practically totally inserted into the lipid bilayer without any considerable part being located in the water phase.
MATERIALS AND METHODS Sample Preparation. The polypeptides were synthesized as described (7) . Appropriate amounts of lipid and polypeptide were dissolved in methanol at a molar ratio of 100. After the methanol was evaporated, lipid vesicles were prepared by adding buffer (10 mM (13) . The excitation wavelength was 300 nm and emission was monitored through a WG 345-nm cut-offfilter. The fluorescence of pure lipid membrane vesicles without polypeptides was measured separately and subtracted from the fluorescence observed in lipid-polypeptide samples. The subtracted fluorescence intensity was always <5% that of the polypeptidecontaining lipid vesicles. The protocol for data collection as well as for data analysis of both total fluorescence intensity i(t) and fluorescence anisotropy r(t) was the same as recently reported (6, 13) . i(t) and r(t) are described by a sum of exponential functions [4] where 4a(0) and ,e(t) are the unit vectors directed along the tryptophan absorption and emission dipole moments at times 0 and t, respectively, with coordinate systems A and E fixed to the helix molecule (9) . These vectors reorient because of internal motions of the chromophore and motions of the whole helix molecule. For a polypeptide a-helix inserted in a lipid bilayer, the internal motions can be assumed to be independent of the much slower motions of the whole helix so that a comparison can be made with the calculated FA due to the internal motions. [21
The quality of the fit of the experimental fluorescence intensity and FA decays with the functions in Eq. 1 is expressed by Xi and X«, respectively (14) . MD Calculation. The MD simulation of the polypeptide [Trp-1, -12] was performed with the program CHARMM (12) . As initial coordinates we chose those of an ideal a-helix because it has been shown (15) that a related peptide BOC-LAla-Aib-Ala-Aib-Ala-Glu(OBzl)-Ala-Aib-Ala-Aib-Ala-OMe adopts a right-handed a-helical conformation in the crystalline state. All atoms of the polypeptide were treated explicitly, except for aliphatic hydrogens, which were included with the carbon to which they are bound, as described (12) . The MD calculation was performed for the peptide in vacuum with 2-fs time steps by using a Langevin algorithm and taking into temperature T, = 300C. From an analysis of spectrum A in Fig.   1 , an a-helix content of77% is determined. The intensity ofthe CD signal at 222 nm stays constant in the investigated temperature range above T, and changes abruptly at the lipid-phase transition (Fig. 1 Inset) , reflecting an increase of the helix content to 85% in the ordered lipid membrane at 150C. The orientational order parameter of the polypeptide helix in the fluid lipid membrane is calculated to be Sh = 0.89 from the difference between the spectra of the vesicle (A) and planar membrane preparation (B) in Fig. 1 . Corresponding spectra of the other peptides are similar to those in Fig. 1 , with a helix content ranging between 70% and 85% and Sh between 0.7 and 0.9. We conclude that according to the applied methods the henicosapeptides in fluid lipid membranes adopt a predominantly helical conformation irrespective of the sequence position of the tryptophan. The helical part is oriented preferentially parallel to the membrane normal. Corresponding values of the fits to i(t) and r(t) of the whole set of henicosapeptides in fluid lipid membranes are summarized in Table 1 02 9.2 (9) 9.7 (6) 9.5 (7) 8.9 (6) 9.1 (5) [(1 -S2) exp(-t/02) + S2], [5] where A is the angle between Ua and ILe, and S, and 52 are order parameters characterizing the internal and the whole helix fluctuations (9) . The results are summarized in Fig. 3 (Left), showing the square of the order parameters S, and 52, and in Fig. 3 phase. The change at T, is more pronounced for S 2 and 42 than for S1 and q)j. (Fig. 3) . The values of the fast process are, however, (19) . However, for the lateral diffusion of lipids and proteins, a viscosity of ql1 1 p was obtained (20) .
The rotational diffusion of proteins around a fixed axis preferentially parallel to the membrane normal is correlated to a viscosity R 1 1 = 1-4 p (21) . Different 
